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@ Multi-layer paper sheet forming system. 



@ An improved multi-layer paper sheet forming 
system is disclosed, in which a degree of dispersion 
of fibers under the condition where a paper layer has 
been formed is large, thereby formation of a paper 
sheet is improved, moreover, bases of short wire 
cloth sections can be installed at the same level as a 
^ building floor and a complicated base of the shape 
^ of steps is not necessitated. The system comprises 
1^ one endless felt loop (12) and a plurality of short 
^ wire cloth sections (5) disposed on the endless felt 
1^ (12) and provided with a dewatering instrument (3) 
having, as dewatering elements, forming blades (3a) 
CO consisting of two zones, that is, a flat front half and a 
CO 

o 

CL 
lU 



curved rear half. The short wire cloth section (5) 
includes a forming roll (6) having a large diameter 
and a breast roll (2) having a small diameter, and the 
plurality of short wire cloth sections (5) are disposed 
substantially at the same level. A movable return roll 
(9) is equipped, which raises the felt (12) between 
the adjacent short wire cloth sections (5) so as to 
wrap around the short wire cloth (5') so that an initial 
engagement point between the felt (12) and the 
short wire cloth (5') may come to an arbitrary posi- 
tion of the curved portion of the dewatering instru- 
ment (3) existing at the upper portion of the short 
wire cloth section (5). 
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BACKGROUND OF THE INVENTION: 

1 . Field of the Invention: 

The present Invention relates to a multi-layer 
paper sheet forming system applicable to a paper 
making machine. 

2. Description of the Prior Art: 

One example of a multi-layer paper sheet for- 
ming system in the prior art is illustrated in Fig. 9, 
which is a front view of a wet end of short wire 
cloth duplex paper making machine. In Fig. 9, 
stock Hquor ejected from a head-box 015 is formed 
into a paper layer by means of a conventional table 
Instrument 018 (not shown in detail) disposed on a 
short wire cloth 017. This paper layer is engaged 
with an endless felt 018 on a forming cylinder 20, 
while it is being dewatered by an urging pressure 
of the felt, it is combined with a paper layer formed 
in a preceding unit and having been carried by the 
felt, and under the state of being sandwiched be- 
tween the felt and the short wire cloth. It is carried 
to a section of a turning roll 021 , where bonding of 
the above-described both paper layers is effected 
by pressing with a turning touch roll 024. There- 
after, the wet paper layer is conveyed to the next 
unit as loaded on the felt. 

Fig. 10 shows another example of a multi-layer 
paper forming system in the prior art. The system 
of this example attempted to enlarge a dewatering 
capability by constructing a paper layer forming 
apparatus making use of two wire cloths in a short 
wire cloth section. Stock liquor ejected from a 
headbox 015' is dewatered by a conventional table 
instrument 016' (not shown in detail) disposed with- 
in a loop of the short wire cloth 025 and thereby a 
paper layer on the under side is formed. 

Next, the paper layer is dewatered to the out- 
side by a wire tension of another short wire cloth 
026 coming into engagement on a forming cylinder 
020' and a centrifugal force, and thereby an upper 
side portion of the paper layer is formed. There- 
after, the wet paper layer riding on the short wire 
cloth 025 Is bonded with a paper layer formed in a 
short wire cloth section of the preceding stage and 
carried by a felt 018', by means of a couch roll 027 
at the location where the same short wire cloth 025 
is engaged with the felt 018'. The thus combined 
multi-layer paper sheet is either picked up by a 
suction pick-up roll 028 or transferred to the next 
stage (press part) by open-drawing. 

Fig. 11 shows still another example of a mul- 
tilayer paper sheet forming system in the prior art. 
The system shown in Fig. 11 is a wet end of a 
general composite paper machine making use of a 
circular wire cylinder 022a shown in Fig. 12 or a 



suction cylinder 022b (circular wire wound) shown 
in Fig. 13, and it is shown in a front view. As shown 
in Figs. 12 and 13, a headbox 021' Is covered by a 
curved roof 021 'a by a certain length along the 

6 circumference of the cylinder, stock liquor fed into 
a gap formed between this curved roof 021 'a and 
the cylinder 022a or 022b is dewatered on the 
dewatering cylinder, and thereby a paper layer is 
formed. Then, it is engaged with a wet paper sheet 

10 carried by a felt 032', on the cylinder 022a or 022b 
and they are combined together by a couch roll 
036'. 

The thus combined multi-layer paper sheet is 
picked up by a suction pick-up roll 041' and trans- 

76 ferred to the next stage (press part). It is to be 
noted that reference numeral 026' in Figs. 12 and 
13 designates a couch roll. 

In the above-described multi-layer paper sheet 
forming system in the prior art shown in Fig. 9, 

20 since formation of a paper layer is effected by the 
instruments called foils and table rolls, a dispersion 
power of raw material fibers is weak, and so forma- 
tion is poor. In addition, upon making a high gram- 
mage (basic weight) paper sheet at a high speed, 

25 since an endless felt is pressed on a cylinder 
having a small radius of curvature, a pressure 
becomes excessively high, and hence there was a 
shortcoming that there occurred the so called 
crushing of a wet paper sheet caused by poor 

30 dewatering of stock liquor on the forming cylinder 
020. 

In the case of the multi-layer paper sheet for- 
ming system shown in Fig. 10, although there was 
a merit that because of a high air permeability of 

35 the wire wrapped around the forming cylinder 020', 
a dewatering pressure is mitigated, also a de- 
watering capability is increased, and hence the 
system can be better adapted to a high speed and 
a high grammage than the system shown in Fig. 9, 

40 there was a shortcoming that because of a high 
wet paper concentration before combination, a 
bonding strength was low. In addition, because of 
the fact that the short wire cloth unit is formed of 
two wire cloths, a unit length became long, an 

45 initial cost was also high, and a large installation 
area was necessitated. 

In the case of the multi-layer paper sheet for- 
ming system in the prior art shown in Fig. 11, since 
the dewatering was dewatering by a fixed pressure 

50 consisting of the pressure applied to the stock 
liquor sandwiched between the cylinder 022a or 
022b and the curved roof 021 'a of the headbox 
021', a pressure caused by a pressing force of the 
couch roil, and further a vacuum force applied to 

55 the cylinder 022a or 022b, there was a shortcoming 
that a degree of dispersion of fibers under the state 
of forming a paper layer was low, and so, formation 
was poor. Furthermore, if an amount of deposition 
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per unit is enlarged or the operation becomes high- 
speed, then a concentration of the wet paper com- 
ing into the combining section is lowered, hence 
there occurs a problem of crushing of wet paper by 
a nip pressure of the couch roll on the circular wire 
cloth cylinder 022a or the suction cylinder 022b, 
and so, It was impossible to choose a large amount 
of deposition per unit. 

Fig. 14 shows yet another multi-layer paper 
sheet forming system proposed in Japanese Patent 
Application No. 5-20823 (1993) in order to over- 
come the shortcomings of the heretofore known 
multi-layer paper sheet forming system shown in 
Figs. 9, 10 and 11. In this system, a plurality of 
short wire cloth sections 055, in which a dewatering 
instrument 054 is equipped within a loop of a short 
wire cloth 055*, are disposed along a lower travel- 
ing path of an endless felt 056, and the endless felt 
056 is made to travel on the dewatering instrument 
054 jointly with the short wire cloth 055' so that in 
each short wire cloth section 055 stock liquor may 
be ejected from a headbox 053 into the space 
between the endless felt 056 and the short wire 
cloth 055*. 

However, in this system, since a part of the 
headbox 053 projects above a breast roll 057, it Is 
necessary to make the endless felt 056 travel so as 
to avoid it, and accordingly, there was a problem 
that since the arrangement of the plurality of short 
wire cloth sections 055 became a step-like shape, 
if the number of the short wire cloth sections be- 
came large, the base would become complicated 
and expensive. It is to be noted that In Fig. 14. 
reference numeral 054a designates a shoe blade, 
numeral 058 designates a turning roll, numeral 059 
designates a stretch roil, numeral 060 designates a 
guide roll, numeral 061 designates a lead-in roll, 
numeral 062 designates a couch roll, numeral 063 
designates a suction couch roll, numeral 064 des- 
ignates a felt roll, numeral 065 designates a flow- 
back device, and numeral 066 designates a suction 
pick-up roll, 

SUMMARY OF THE INVENTION: 

It is therefore one object of the present inven- 
tion to provide a multi-layer paper sheet forming 
system, in which the above-mentioned shortcom- 
ings of the multi-layer paper sheet forming systems 
in the prior art can be obviated and nevertheless all 
the plurality of short wire cloth sections can be 
installed substantially at the same level. 

According to one feature of the present inven- 
tion, there is provided a multi-layer paper sheet 
forming system including one endless felt loop and 
a plurality of short wire cloth sections each having 
an endless short wire cloth and a dewatering instru- 
ment whose upper surface has a curvature, 



wherein the felt is engaged with stock liquor at a 
curved portion of the dewatering instrument, and 
thereafter while the felt is traveling with stock liquor 
sandwiched between the short wire cloth and the 

6 felt, combined formation of paper layers is effected, 
and the plurality of short wire cloth sections are 
installed substantially at the same level, and each 
of the aforementioned short wire cloth sections is 
constructed in such manner that the short wire 

10 cloth may travel as engaged with the curved por- 
tion of the dewatering instrument, a forming roll 
having a large diameter and a breast roll having a 
small diameter. 

According to another feature of the present 

75 Invention, there is provided a multi-layer paper 
sheet forming system including one endless felt 
loop and a plurality of short wire cloth sections 
each having a rotating dewatering cylinder dis- 
posed under the felt loop for effecting initial de- 

20 watering and a dewatering instrument disposed 
downstream of the same cylinder and arranged in 
such manner that upper surfaces of a plurality of 
dewatering elements thereof have a curvature, said 
endless felt is engaged with the short wire cloth on 

25 a curved portion of each dewatering instrument, 
and while the felt is traveling with stock liquor 
ejected from a headbox positioned under the top of 
the above-mentioned dewatering cylinder sand- 
wiched between the above-mentioned endless felt 

30 and the short wire cloth, paper layers are formed 
and combined as dispersion and dewatering by a 
pulsed pressure are effected, and further the 
above-mentioned dewatering cylinder in the short 
wire cloth section is formed as a suction cylinder 

35 and the aforementioned dewatering instrument in 
the short wire cloth section has a structure capable 
of dewatering by vacuum. 

According to still another feature of the present 
invention, there is provided a multi-layer paper 

40 sheet forming system including one endless felt 
loop and a plurality of short wire cloth sections 
disposed thereon and each having an endless short 
wire cloth and a dewatering instrument disposed in 
such manner that a part of an upper surface of a 

45 dewatering element thereof may have a curvature, 
wherein a movable return roll is disposed so that it 
may raise the felt between the respective short 
wire cloth sections so as to wrap around the short 
wire cloth and an initial engagement point between 

50 the felt and the short wire cloth may come to an 
arbitrary position of the aforementioned curved por- 
tion of the dewatering instrument disposed above 
the short wire cloth section, and said system com- 
prises a shoe blade positioned above the above- 

55 mentioned dewatering instrument and within the felt 
loop, disposed so as to oppose to the above- 
mentioned dewatering element and supported in 
such manner that Its urging pressure against the 
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felt may become variable, whose surface consists 
of a portion coming into contact with the felt and a 
portion inclined towards the felt so that a wedge- 
shaped space converging along the traveling direc- 
tion of the felt may be formed between the inclined 
portion and the felt, and further the above-men- 
tioned dewatering instrument for the short wire 
cloth has a structure capable of promoting de- 
watering by means of vacuum. 

According to the present invention as first fea- 
tured above, stock liquor ejected onto a short wire 
cloth is dewatered during the period when it is 
traveling as sandwiched between an endless felt 
and a short wire cloth, and while a paper layer is 
being formed it is combined with another paper 
layer. In addition, since the respective short wire 
cloth sections are installed substantially at the 
same level, a base of step-like shape becomes 
unnecessary. Furthermore, owing to a dewatering 
instrument having a large radius of curvature, a 
gradually increasing urging pressure of the felt is 
generated, and so, the stock liquor can be de- 
watered moderately. 

Also according to the present invention as sec- 
ond featured above, although stock liquor ejected 
from a headbox onto a dewatering paper machine 
is subjected to initial dewatering on a rotating de- 
watering cylinder, since it is sandwiched between a 
felt and a wire cloth on the portion of a dewatering 
device having a curvature at the downstream dur- 
ing the period when fibers In a mat still have 
mobility, it is dispersed by the action of a pulsed 
pressure generated when it passes a dewatering 
element in the succeeding stage, and thereby good 
formation can be realized. In addition, since this 
curvature corresponds to a far larger radius of 
curvature than a dewatering cylinder in the prior 
art, an urging pressure of a felt is small and de- 
watering can be effected moderately. Furthermore, 
since the dewatering instrument can be subjected 
to vacuum, a dewatering capability becomes large. 
Accordingly, a wet paper concentration at the time 
of being couched is high, and so, in a wet paper 
sheet, crushing would not occur. In this short wire 
cloth section, since stock liquor can be carried into 
an engagement section between a felt and a short 
wire cloth after the stock liquor has been loaded on 
a dewatering cylinder, there is no need to dispose 
a headbox above the top of a dewatering cylinder, 
a plurality of short wire cloth sections can be 
disposed at the same level, and accordingly, a 
base of step-like shape would not be necessitated. 

In addition, according to the present invention 
as thirdly featured above, owing to the fact that the 
respective short wire cloth sections are disposed 
above an endless felt, headboxes and short wire 
cloth sections are not subjected to any limitation 
with respect to their positions in the vertical direc- 



tion, and also it is easy to install the respective 
short wire cloth sections at the same level with 
respect to a building floor. Also with regard to the 
problems of improvements in easiness of dewater- 
6 ing of stock liquor and formation, increase of a 
dewatering capability and an improvement in an 
Inter-Iayer strength, a dewatering instrument includ- 
ing dewatering elements each having a curvature in 
part is disposed in an upper portion within a short 

10 wire cloth section and an endless felt is engaged 
onto the dewatering instrument, and also, an initial 
engagement point between the felt and the short 
wire cloth can be brought to any arbitrary position 
of the curved portion of the dewatering instrument 

76 by making use of a movable return roll. 

Accordingly, even if a thickness of stock liquor 
being fed should change, the stock liquor can be 
moderately dewatered by the gradually varying 
urging pressure of the felt, and also simultaneously 

20 with improvement in formation by the action of a 
pulsed pressure generated by the dewatering ele- 
ments, the formation of paper layers is effected. In 
addition, since a paper layer is formed from stock 
liquor ejected from a headbox, and a wet paper 

25 sheet formed by combining the paper layer with 
another paper layer formed in the preceding stage 
by means of a couch roll, is carried to a breast part 
in the next stage as loaded on the endless felt, the 
problem of the so-called "sheet drop off" would not 

30 arise. 

The above-mentioned and other objects, fea- 
tures and advantages of the present invention will 
become more apparent by reference to the follow- 
ing description of a number of preferred embodi- 
35 ments of the present Invention taken in conjunction 
with the accompanying drawings. 

BRIEF DESCRIPTION OF THE DRAWINGS: 

40 In the accompanying drawings: 

Fig. 1 is a cross-section front view of a paper 
machine wet end equipped with a multi-layer 
paper sheet forming system according to a first 
preferred embodiment of the present invention; 

45 Fig. 2 is a detailed cross-section view of an 
essential part of the system shown in Fig. 1 ; 
Fig. 3 is a cross-section front view of a paper 
machine wet end showing a second preferred 
embodiment of the present Invention; 

50 Fig, 4 is a detailed cross-section view of an 
essentia! part of the system shown in Fig. 3; 
Fig. 5 is a detailed cross-section view showing 
an essential part of a third preferred embodi- 
ment of the present Invention; 

55 Fig. 6 Is an enlarged partial cross-section view 
showing a detailed structure of a part encircled 
at A in Fig. 5; 
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Fig. 7 Is a cross-section front view of a paper 
machine wet end equipped with a multi-layer 
paper sheet forming system according to a 
fourth preferred embodiment of the present in- 
vention; 

Fig. 8 is a detailed cross-section view of an 
essential part of the system shown in Fig. 7; 
Fig. 9 is a cross-section front view of a paper 
machine wet end equipped with one example of 
a multi-layer paper sheet forming system in the 
prior art; 

Fig. 10 is a cross-section front view of a paper 
machine wet end equipped with another exam- 
ple of a multi-layer paper sheet forming system 

In the prior art; 

Fig. 1 1 is a cross-section front view of a paper 
machine wet end equipped with still another 
example of a multi-layer paper sheet forming 
system in the prior art; 

Fig. 12 is a detailed cross-section view of one 
example of a dewatering cylinder section in Fig. 
11; 

Fig. 13 is a detailed cross-section view of an- 
other example of a dewatering cylinder section 
In Fig. 11; and 

Fig. 14 is a cross-section front view of a paper 
machine wet end equipped with a multi-layer 
paper sheet forming system in the prior art, 
which was proposed in order to eliminate the 
shortcomings of the heretofore known multi-lay- 
er paper sheet forming systems illustrated in 
Figs. 9 to 13. 

DESCRIPTION OF THE PREFERRED EMBODI- 
MENTS: 

In the following, the present invention will be 
described in greater detail in connection to the 
preferred embodiments illustrated in the accom- 
panying drawings. Figs. 1 and 2 illustrate a first 
preferred embodiment of the present invention, in 
which reference numeral 1 designates a headbox, 
numeral 2 designates a breast roll having a small 
diameter, numeral 3 designates a dewatering in- 
strument, numeral 5 designates a short wire cloth 
section, numeral 5' designates a short wire cloth, 
numeral 6 designates a forming roll having a large 
diameter, numeral 8 designates a guide roll, nu- 
meral 9 designates a return roll, numeral 10 des- 
ignates a couch roll, numeral 11 designates a suc- 
tion box, numeral 12 designates an endless felt, 
numeral 13 designates a flow-back device, and 
numeral 14 designates a suction pick-up roll. The 
above-mentioned short wire cloth section 5 com- 
prises an endless short wire cloth 5' and a de- 
watering instrument 3, and a plurality of short wire 
cloth sections 5 are disposed substantially at the 
same level (height). The above-described dewater- 



ing instrument 3 has a plurality of forming shoe 
blades 3a and the same dewatering instrument 3 
form two zones consisting of a flat zone in a front 
half and a curved zone in a rear half which is 

5 upwardly convex. The endless felt 12 is engaged 
with the dewatering instrument 3 by means of the 
return roll 9 so as to cover the dewatering instru- 
ment 3, and by positional adjustment of the return 
roll 9, the felt 12 can be initially engaged with the 

10 dewatering instrument 3 at any arbitrary position of 
the curved zone. 

In addition, the dewatering instrument 3 has a 
far larger radius of curvature than a forming roll in 
the prior art, a dewatering pressure can be 

75 changed by blade exchange, and it is also possible 
to make the dewatering instrument 3 subjected to 
vacuum. 

On the other hand, the above-described for- 
ming shoe blades 3a consist of a plurality of 

20 blades, and they serve to improve formation by 
redispersing fibers in stock liquor with shearing 
forces induced by a pulsed pressure occurring at 
the locations of the respective blades 3a. It is to be 
noted that the dewatering elements are not limited 

25 to the shoe blades 3a but they could be rolls 
having a small diameter, and it is obvious that the 
feature of the present invention is not lost even if 
they are alternately arranged. 

In this first preferred embodiment, since the 

30 plurality of short wire cloth sections 5 are disposed 
substantially at the same level, a base of step-like 
shape is not necessitated. 

The position where the stock liquor ejected 
from the headbox 1 is sandwiched between the 

35 short wire cloth 5* and the endless felt 12 can be 
set at an optimum position so as to smoothly 
dewater the stock liquor depending upon a thick- 
ness of the incoming stock liquor, by adjusting the 
return roll 9 provided within the loop of the endless 

40 felt 12 in the upward or downward direction as 
indicated by arrows in Fig. 2. Moreover, since a 
radius of curvature of the dewatering portion is 
large, an urging pressure by the felt is also low, the 
portion has a structure easy for dewatering, and 

45 further, since dewatering by vacuum is also possi- 
ble, smooth dewatering can be effected. 

Thereafter, since a pulsed pressure acts upon 
the stock liquor sandwiched between the felt 12 
and the short wire cloth 5', dispersion and de- 

50 watering are promoted, and simultaneously, com- 
bination with a paper layer formed in the preceding 
stage is effected. Accordingly, since the paper lay- 
er formed in the short wire cloth section 5 has a 
sufficiently raised concentration, even if an urging 

65 pressure of the felt becomes high on the forming 
roll 6, the so-called crushing would not occur but It 
is bonded to the paper layer formed in the preced- 
ing stage by the couch roll 10, thereafter the paper 
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layers are perfectly transferred from the short wire 
cloth section 5 to the side of the endless felt 12, 
and since it is carried to the next stage as loaded 
on the felt 12, a possibility of the so-called "sheet 
drop off" does not exist at all. 

Next, a second preferred ennbodiment of the 
present invention will be described with reference 
to Figs. 3 and 4. A short wire cloth unit in Figs. 3 
and 4 includes an endless short wire cloth 5' and a 
dewatering instrument 3 having a plurality of for- 
ming shoe blades 3a, and this dewatering instru- 
ment 3 is formed of two zones consisting of a flat 
front half and a curved rear half. An endless felt 12 
is engaged with the dewatering instrument 3 by 
means of a return roll 9 so as to cover the same 
dewatering instrument 3, and by positional adjust- 
ment of the return roll 9, the felt can be initially 
engaged with the dewatering instrument 3 at any 
arbitrary position of the curved zone. In addition, 
the dewatering instrument 3 has a far larger radius 
of curvature than a forming roll in the prior art, a 
dewatering pressure can be changed by blade 
exchange, and it is also possible to make the 
dewatering instrument 3 subjected to vacuum. Fur- 
thermore, the couch roll 10 is adapted to press a 
paper layer sandwiched between the felt 12 and 
the short wire cloth 5' on a turning roll 6', simulta- 
neously with guiding the endless felt 12 to the 
return roll 9. 

Also, the forming shoe blades 3a consist of a 
plurality of blades, and they serve to improve for- 
mation by redispersing fibers in stock liquor with 
shearing forces induced by a pulsed pressure oc- 
curring at the location of the respective blades 3a. 
It is to be noted that the dewatering elements are 
not limited to the shoe blades 3a but they could be 
rolls having a small diameter, and it is obvious that 
the feature of the present invention is not lost even 
if they are alternately arranged. 

In this preferred embodiment, the position 
where stock liquor ejected from a headbox 1 is 
sandwiched between the short wire cloth 5' and the 
endless felt 12 can be set at an optimum position 
so as to smoothly dewater the stock liquor depend- 
ing upon a thickness of the incoming stock liquor, 
by adjusting the return roll 9 provided within the 
loop of the endless felt 12 in the upward or down- 
ward direction as indicated by arrows in Fig. 4. 
Moreover, since a radius of curvature of the de- 
watering portion is large, an urging pressure by the 
felt is low, the portion has a structure easy for 
dewatering, and further, since dewatering by vacu- 
um is also possible, smooth dewatering can be 
effected. 

Thereafter, since a pulsed pressure acts upon 
the stock liquor sandwiched between the felt 12 
and the short wire cloth 5', dispersion and de- 
watering are promoted, and simultaneously, com- 



bination with a paper layer formed in the preceding 
stage is effected. Accordingly, since the paper lay- 
er formed in the short wire cloth section 5 has a 
sufficiently raised concentration, even if it is 

6 pressed by the couch roll 10 on the turning roll d\ 
the so-called crushing would not occur but it is 
bonded to the paper layer formed in the preceding 
stage, and while they are kept sandwiched between 
the endless felt 12 and the short wire cloth 5', they 

10 are carried to a stretch roll 7 and a guide roll 8, 
then the paper layers are perfectly transferred from 
the short wire cloth section 5 to the side of the 
endless felt 12 by means of a suction box 11, and 
since they are carried to the next stage as loaded 

15 on the felt, a possibility of the so-called "sheet 
drop off" phenomena does not exist at all. 

A third preferred embodiment of the present 
invention is illustrated in Figs. 5 and 6. This pre- 
ferred embodiment Intends to further increase a 

20 dispersing property at the portion of the dewatering 
instrument 3 and thereby achieve improvements in 
formation, in addition to the advantages of the 
second preferred embodiment shown in Figs. 3 
and 4. 

25 More particularly, in this third preferred em- 

bodiment, in addition to the constructure shown in 
Fig. 4, shoe blades 4a located between adjacent 
shoe blades 3a of the dewatering instrument 3 and 
opposed to the dewatering instrument 3, are sup- 

30 ported within the loop of the endless felt 12 by 
means of flexible tubes 4c so that, their positions 
may be variable. The magnitude of the pulsed 
pressure which determines a dispersion property of 
stock liquor in a fixed dewatering instrument having 

35 shoe blades, would become larger as a flexing 
angle (0) of the wire cloth and felt sandwiching 
stock liquor therebetween at an inlet of the shoe 
blade becomes larger. 

Accordingly, if the shoe blades 3a and 4a are 

40 opposed to each other and the configuration of the 
shoe blade 4a is formed so as to consist of a 
portion coming into contact with the felt and the 
other portion inclined so that a wedge-shaped 
space converging along the traveling direction of 

45 the felt may be formed on the inlet side between 
the felt and the shoe blade according to this pre- 
ferred embodiment, then the water in the felt 
squeezed out into the wedge-shaped space formed 
in front of the shoe blade 4a by pressing the shoe 

50 blade 4a would pass through the space between 
the shoe blade 4a and the felt and would depress 
the assembly of (fejt + wet paper sheet + wire 
cloth ). 

At that moment, a flexing angle {$) at the front 
55 end of the downstream shoe blade 3a is increased, 
and so, a pulsed pressure increases. Since this 
pressure has an optimum value depending upon a 
grammage (basic weight) and a paper making ve- 
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locity of each unit, the position of the shoe blade 
4a Is made variable by adjusting a pressure in a 
tube 4c for supporting the shoe blade 4a, and thus 
a flexibility is increased. 

Now, a fourth preferred ennbodiment of the 
present invention will be described with reference 
to Figs. 7 and 8, in which reference numeral 21 
designates a headbox associated with a curved 
roof 21a, numeral 22 designates a dewatering cyl- 
inder, numeral 23 designates a dewatering instru- 
ment, numeral 23a designates a dewatering ele- 
ment of the dewatering instruments 23, numeral 24 
designates a short wire cloth section having a short 
wire cloth 24', numeral 25 designates a turning roll 
for the short wire cloth 24', numeral 26 designates 
a couch roll, numeral 27 designates a stretch roll 
(associated with a short wire cloth guide) for the 
short wire cloth 24*. numeral 28 designates a lead- 
in roll, numeral 29 designates a suction couch roll, 
numeral 30 designates a flow-back device, numeral 

31 designates a suction pick-up roll, and numeral 

32 designates an endless felt. 

The short wire cloth section 24 comprises an 
endless short wire cloth 24' and a dewatering in- 
strument in its upper portion, and as shown in Fig. 
7, a plurality of short wire cloth sections 24 are 
disposed substantially at the same level. The 
above-mentioned dewatering instrument 23 has its 
upper surface curved in an upwardly convex shape, 
and is provided with a plurality of dewatering ele- 
ments 23a. It is to be noted that as the dewatering 
elements 23a, shoe blades or the like are em- 
ployed. 

In this fourth preferred embodiment, stock li- 
quor fed from the headbox 21 into the space be- 
tween the curved roof 21a and the dewatering 
cylinder is initially -dewatered into the dewatering 
cylinder 22 by a pressure determined depending 
upon a feeding pressure and a gap dimension, and 
thereafter, it enters a combining section where the 
dewatering instrument 23 and the endless felt 32 
are engaged with each other as loaded on the short 
wire cloth 24'. 

In the dewatering section for the stock liquor, 
since a radius of curvature of the arrangement of 
the dewatering elements 23a is far larger than a 
cylinder in the prior art, an urging pressure of the 
felt is small and the stock liquor can be dewatered 
moderately. Thereafter, owing to a pulsed pressure 
generated by the dewatering elements 23a, fibers 
in the stock liquor is dispersed, simultaneously it is 
dewatered to the side of the dewatering instrument 
23, and thereby, formation of a paper layer and 
combination of paper layers are effected. 

In addition, it is also possible to increase a 
dewatering capability by making the dewatering 
instrument 23 subjected to vacuum. It is to be 
noted that the dewatering elements could be either 



shoe blades 23a as shown In Fig. 8 or small rolls 
(not shown). Subsequently, after the paper layers 
have been further bonded by a pressing force of 
the couch roll 26 opposed to the turning roll 25, 

5 they are picked up to the side of the endless felt 
32 and carried to the next unit. 

Furthermore, in the illustrated fourth preferred 
embodiment, since the headbox 21 is positioned 
lower than the top of the dewatering cylinder 22, 

10 even if a felt run entering the short wire cloth 
section is inclined downward from the horizontal 
direction, it would not interfere the above-men- 
tioned headbox 21. Accordingly, the respective 
short wire cloth units can be easily installed sub- 

15 stantially at the same level with respect to a build- 
ing floor, and so, there is no need to form a base in 
a step-like shape. Furthermore, the initial engage- 
ment position between the endless felt 32 and the 
dewatering instrument 23 can be changed by ad- 

20 justing a height of a lead-in roll 28 disposed down- 
stream of the couch roll 26 within the felt loop. 

As described in detail above, in the multi-layer 
paper sheet forming system according to the 
present invention, all the plurality of short wire cloth 

25 sections can be installed substantially at the same 
level, and so, a complicated expensive base of 
step-like shape as is the case with the heretofore 
known system, is unnecessary. Moreover, a gradu- 
ally increasing urging pressure of felt is generated 

30 by the dewatering instrument having a curved por- 
tion, hence it is possible to moderately dewater 
stock liquor, and operation at a high grammage 
and at a high velocity is possible. 

In addition, owing to the fact that formation of 

35 the respective paper layers is effected by making 
use of a pulsed pressure generated at the de- 
watering element portion, formation is excellent. 
And this dispersing effect makes an Inter-layer 
bonding strength in a paper sheet strong as as- 

40 sisted by the wet-on-dry combining paper making 
method. Also, by constructing a dewatering Instru- 
ment as a vacuum structure, a dewatering capabil- 
ity is increased, a deposition grammage per unit 
becomes large, hence a number of units can be 

45 made small even at a high velocity, and so, reduc- 
tion of an installation area as well as lowering of a 
cost can be achieved. 

Furthermore, a degree of vacuum acting upon 
a dewatering instrument can be made lower than 

50 that in the prior art, hence reduction of an evacuat- 
ing airflow rate can be achieved, and also, the 
invention contributes not only to reduction of an 
initial cost of an installation but also reduction of a 
running cost thereof. Furthermore, owing to the fact 

55 that paper layers are carried as loaded on an 
endless felt, a sheet drop-off phenomenon would 
not occur, and so, a high speed operation can be 
done. Also, a dispersing effect In the dewatering 
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element portion can be appropriately controlled de- 
pending upon a paper making condition, and so, a 
flexibility of manufacture is increased. 

While a principle of the present Invention has 
been described above in connection to a number 6 
of preferred embodiments of the Invention, It Is 
Intended that all matter contained in the above- 
description and illustrated in the accompanying 
drawings shall be interpreted to be Illustrative and 
not as a limitation to the scope of the present io 
invention. 

Claims 

1. A multi-layer paper sheet forming system, 75 
characterized in that said system Includes one 
endless felt loop and a plurality of short wire 
cloth sections each having an endless short 
wire cloth and a dewatering Instrument whose 
upper surface has a curvature, and that said 20 
felt is engaged with stock liquor at a curved 
portion of said dewatering instrument, and 
thereafter while the felt is traveling with the 
stock liquor sandwiched between the short 

wire cloth and the felt, combined formation of 25 
paper layers is effected, and said plurality of 
short wire cloth sections are disposed substan- 
tially at the same level. 

2. A multi-layer paper sheet forming system as 30 
claimed in Claim 1; characterized In that each 

said short wire cloth section is constructed in 
such manner that the short wire cloth travels 
as engaged with the curved portion of said 
dewatering instrument, a forming roll having a 36 
large diameter and a breast roll having a small 
diameter. 

3. A multi-layer paper sheet forming system as 
claimed in Claim 1; characterized in that said 40 
system comprises one endless felt loop and a 
plurality of short wire cloth sections each hav- 
ing a rotating dewatering cylinder disposed 
under said endless felt loop for effecting initial 
dewatering and a dewatering instrument dis- 45 
posed downstream of said cylinder in such 
manner that upper surfaces of a plurality of 
dewatering elements thereof have a curvature, 

said endless felt Is engaged with the short wire 
cloth on the curved portion of each dewatering so 
instrument, and during the period when the felt 
is traveling on said dewatering instrument with 
the stock liquor ejected from a headbox posi- 
tioned lower than the top of said dewatering 
cylinder sandwiched between said endless felt 56 
and the short wire cloth, while dispersion and 
dewatering by a pulsed pressure are being 
effected, paper layers are formed and com- 



bined. 

4. A multi-layer paper sheet forming system as 
claimed in Claim 3; characterized In that said 
dewatering cylinder in the short wire cloth sec- 
tion Is formed as a suction cylinder. 

5. A multi-layer paper sheet forming system as 
claimed in Claim 3 or 4; characterized In that 
said dewatering instrument In the short wire 
cloth section has a structure capable of de- 
watering by vacuum. 

6. A multi-layer paper sheet forming system as 
claimed in Claim 1; characterized in that said 
system comprises one endless felt loop and a 
plurality of short wire cloth sections disposed 
thereon and each having an endless short wire 
cloth and a dewatering Instrument disposed in 
such manner that a part of an upper surface of 
the dewatering element thereof has a curva- 
ture, and a movable return roll Is disposed so 
that it may raise the felt between the respec- 
tive short wire cloth sections so as to wrap 
around the short wire cloth and an initial en- 
gagement point between the felt and the short 
wire cloth may come to an arbitrary position of 
said curved portion of said dewatering instru- 
ment disposed above the short wire cloth sec- 
tion. 

7. A multi-layer paper sheet forming system as 
claimed in Claim 6; characterized In that said 
system further comprises a shoe blade dis- 
posed within a felt loop above said dewatering 
instrument so as to oppose to said dewatering 
element and supported in such manner that an 
urging pressure against the felt may be vari- 
able, and the surface of the shoe blade con- 
sists of a portion held in contact with the felt 
and the other portion inclined towards the felt, 
so that a wedge space converging in the trav- 
eling direction of the felt is formed between the 
Inclined portion and the felt. 

8. A multi-layer paper sheet forming system as 
claimed in Claim 6 or 7; characterized in that 
said dewatering instrument of the short wire 
cloth has a structure capable of promoting 
dewatering by means of vacuum. 
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